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BULLETIN No. 184 


DIGESTION EXPERIMENTS WITH POULTRY. 


J. oN) BARTLETT. 


The digestibility of American feeding stuffs has been quite 
extensively studied in this country with ruminants, horses and 
hogs but as yet only a few experiments have been made with 
poultry. It is obvious that such studies are desirable on account 
of their practical importance and the growing demand for infor- 
mation in regard to the care and management of fowls which 
has come with the great increase in the poultry industry in 
recent years. 

A few years ago the great bulk of the eggs and poultry which 
supplied our markets was produced by farmers, who let their 
hens run at large for the greater part of the year, picking up 
their living in the fields and pastures, supplimented perhaps by 
a feed of corn at night. But today when great plants are estab- 
lished, carrying thousands of birds, only the most careful and 
scientific methods of handling and feeding will make the busi- 
ness profitable. Several of the Experiment Stations have con- 
sidered questions of poultry nutrition and much valuable infor- 
mation has been gained through feeding experiments for 
growth, egg production, etc., but the absence of definite stand- 
-ards and coefficients of digestibility of different fcods for this 
class of animal has been a serious drawback to the best work. 
The abundant data available for other classes of farm animals 
might possibly be used to good advantage with poultry but the 
structure of the alimentary canal of birds is quite different from 
that of herbiverous animals, consequently the digestive capacity 
may be different. 
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The fact that the digested and undigested portions of the 
food are excreted together makes a serious obstacle in per- 
forming experiments with birds and greatly increases the 
amount of analytical work to be done. This probably in part 
accounts for the small amount of work that has been under- 
taken in this line. Another difficulty encountered is that fowls 
are less adaptable to general conditions of digestion experi- 
ments than other farm animals, owing to their activity and lia- 
bility to depression of the normal metabolic processes that 
might result from being confined in cages without exercise. 
With all these obstacles in the way it is not surprising that but 
little digestion work with poultry has been undertaken. ‘The 
only Experiment Station which has thus far published any re- 
sults of this nature is the Oklahoma Station, Bulletin 46 by 
Fields and Ford. Four years later, in 1904, Bulletin No. 56, 
Bureau of Animal Industry, United States Department of Agri- 
culture, by Dr. E. W. Brown, appeared giving the results of 
some experiments and a very complete review of the literature 
on the subject. According to Doctor Brown’s review foreign 
investigators have given much more attention to this class of 
work than Americans. ‘Two of these investigators, Lehmann 
and Paraschtschuk, employed an ingenious method of collect- 
ing the urine and feces separately by means of an artificial anus 
established in the body walls. This was brought about by 
means of an operation, cutting the intestine at a point just back 
of where the urine emptied into it, and bringing the end out to 
the body walls. The feces and urin were then collected sep- 
arately in rubber bags. This method was considered in our 
work, and Dr. Raymond Pearl of the Biological Department of 
this Station operated on birds for the purpose. After a few 
trials a capon, No. 908, was very successfully operated on and 
made a good recovery but soon after being put on the experi- 
mental ration, which was at that time 7 parts corn meal to one 
part of beef scrap, his bowels became inactive and the feces 
had to be washed out at each collection. An experiment of 
several days duration was obtained, however, and is given in 
the tables, the feces number being 4470. The results compare 
quite favorably with the others’ obtained by the chemical sep- 
aratory method, but the bird could not have been considered in 
normal condition. After a time the walls of the intestine be- 
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came weakened and rupture followed. As it did not seem pos- 
sible that a bird under such abnormal physiological conditions 
could normally digest its food, further work by this method was 
abandoned and a method for collecting the feces under natural 
conditions taken up. 

It was fully realized that a chance of considerable error might 
be introduced in any method that involved a chemical separa- 
tion of the feces from the urine, but it was not thought prac- 
ticable to prepare the number of birds by operation for arti- 
ficial anus necessary to make all the experiments that were 
desirable even if it could be considered a more accurate pro- 
cedure. 

In the pages which follow an account of the experiments as 
carried out are given in detail. The composition of the foods 
and feces are given in Table No. 1. The weight of food and 
feces together with other data is shown in Table 2. The coeffi- 
cients found for each feed and bird are given in Table 3. The 
average coefficients for each feed and mixture are given in 
Table 4. Table 5 contains the average coefficients of all feed- 
ing experiments available to the writer at the present time. 

For the success of the experiments much credit is due to Mr. 
A. C. Whittier and Mr. J. F. Merrill, assistant chemists at the 
Station when the experiments were going on, who took the 
greater part of the care of the birds and performed all the an- 
alyses except most of the uric acid determinations which were 
made by the writer. 


METHOD OF CONDUCTING THE. EXPERIMENTS. 


The first experiments undertaken were with vear-old hens 
and were conducted principally to gain information as to the 
best methods to follow in the succeeding experiments. The 
work with the female birds was not very satisfactory. They 
were nervous, uneasy, and many of the experiments under- 
taken were not carried through on account of the bird getting 
out of condition. Only a few months during the winter could 
be given to the work, so but few experiments were performed 
in these preliminary trials. 

For the next season it was planned to have enough capons 
provided to use for all the experiments but owing to adverse 
circumstances only about half the number required were ob- 
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tained, and to fill the deficiency cocks were used. ‘These proved 
more satisfactory than the hens but were not so quiet and docile 
as the capons which seem to possess but one idea and that is to 
eat. For the next season an ample supply of capons was secured 
for all of the work. | 

For the accommodation of the birds two convenient rooms 
were provided, one being fitted with perches in the usual man- 
ner where they were kept during the resting periods and the 
other was furnished with tables on which the cages were kept. 
The cages in which the birds were confined during the experi- 
ment were made of boards for sides, top and bottom, with slats 
for the back and front. The bottoms were made tight, of 
matched lumber with base board across the slats to prevent any- 
thing being thrown out. The size of the cages was about two 
feet each way. For feeding and drinking dishes two pint dip- 
pers with handles were used for each cage. To hold the dip- 
per in position the handle was passed through a slot in the side 
of the cage about 8 inches from the bottom and was held in 
place by a flat wedge outside. These dishes worked very satis- 
factorily and it was very seldom that any food was spilled from 
them. The time of the experiments was 12 to 14 days, being 
divided into two periods, a preliminary period of 5 to 7 days, 
when the amount the bird would eat was determined and the 
alimentary canal freed from other food, and a collection period, 
when the bags were put on and the feces collected. Clean shav- 
ings free from any material the birds would eat, were put in 
the bottom of the cages for the preliminary period, but during 
the collection period the bottom was kept clean in order to detect 
any loss of food or feces. No records of the weight of water 
drank was kept as it was known that the-birds every time they 
dip their bills spill quite a portion of what they take up, there- 
fore it would be impossible to tell how much was swallowed. 
A liberal amount of grit was supplied them at all times. 

The feeding was done regularly at fixed hours morning and 
evening, and the feces collected at the same time, put in glass 
jars, and kept covered with alcohol to prevent fermentation. At 
the end of the collection period the feces were taken to the lab- 
oratory, the alcohol evaporated on the steam bath, then dried at 
60 degrees C. to air dry condition. 
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APPARATUS FOR COLLECTING THE FECES. 


Fowls are very sensitive and object seriously to any attach- 
ments, that interfere with their freedom of motion. The hens 
used were much more annoyed than the capons which, after a 
few vigorous efforts to free themselves, would calm down and 
submit quietly. The various devices used by other experiment- 
ors were studied and from suggestions gained thereby the fol- 
lowing form which is shown in the cut on page 324 was de- 
vised and adopted. It was made of a rectangular piece of pure 
gum sheet rubber of sufficient size to make a tube 8 inches long 
and 3 inches in diameter. The edges were firmly cemented 
together and a ring was cemented to the top at an angle of about 
30 degrees to keep the opening sufficiently distended and hold 
the bag in place. The lower end was closed by means of a 
screw clamp which could be readily taken off and allow the 
feces to be removed without removing the apparatus from the 
bird. It was held in place by 4 pieces of tape attached to the 
ring, the two upper pieces were carried up over the bird’s back 
and joined just in front of his tail, then the ends were carried 
forward, passed under and around the wings and tied back 
of the neck. The two lower pieces were carried under the 
body, brought up in front of the wings and tied with the others 
back of the neck. Arranged in this way very little difficulty 
was experienced in keeping the bags in place and after a few 
hours wearing the birds appeared to be troubled very little by 
them. It was necessary, however, to use care in adjusting the 
straps; if drawn too tightly they were liable to chafe and if too 
loose the bag would not stay in place. ‘The feces were removed 
through the opening at the bottom twice daily and at the end of 
the period any adhering particles were washed out with alcohol. 


-METHODs oF ANALYSIS. 


The foods used in the experiments were analyzed by the offi- 
cial methods given in Bulletin 107 (Revised), also the feces 
as far as possible, but in the case of the latter, as urine and 
solids are voided together, the amount of protein undigested 
could not be found by making the usual total nitrogen deter- 
mination. In the urine of mammals the main portion of the 
nitrogen, representing the proteid digested, occurs in the form 
of urea and very little is present in the form of uric acid, while 
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in birds’ urine the reverse condition is true and the larger part 
of the nitrogen present is in the form of uric acid. ‘Therefore, 
in order to determine the amount of nitrogen which was present 
as undigested proteid it was necessary to determine the other 
forms separately. The ammonia was determined by the offi- 
cial method, namely distillation with MgO, but for uric acid 
there is no official method. Its estimation presents by far 
the most serious obstacle encountered in digestion experiments 
with poultry. On account of the presence of ammonia in the 
feces moisture was determined by drying several days over 
sulphuric acid in a partial vacuum. 


METHOD FOR DETERMINING URic ACID. 


After carefully considering all available methods for deter- 
mining this acid the one worked out by Doctor Brown and 
given in Bulletin 56, United States Department of Agriculture, 
Bureau of Animal Industry, page 39, was given a trial. Our 
first attempts with this method were not very satisfactory. The 
filtration, after dissolving in piperidin solution, con paper was 
very tedious and in some cases impossible to carry through. 
Also in the case of some of the more highly colored feces so 
much coloring matter was left in the residue that titration could 
not be carried out. After a great many trials and many deter- 
minations by different modifications, the method which was 


finally adopted and by which most of the determinations were 
made is as follows: 


Ten grams of the ground and thoroughly mixed feces were 
weighed into a 250 c. c. beaker and treated with too c. c. of 95 
per cent alcohol filtered through paper and washed twice with 
50 c. c. of alcohol, then washed 3 times with ether and allowed 
to dry. These treatments removed a greater part of the color- 
ing and fatty matter. The residue when dry was returned to 
the beaker, 100 c. c. of a .5 per cent solution of HCl added and 
set in the refrigerator over night. The following morning the 
material was filtered through paper and ‘washed twice with 
cold water, returned to the beaker with 100 c. c. of water and 
enough piperdine or sodium hydrate added to dissolve the uric 
acid. Piperdine was usually used as the solvent, as it seemed 
to dissolve the uric acid more quickly than a weak solution of 
sodium hydrate. A few drops of phenolphthalein were added 
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Fig. 235. Collection bag with straps. 


Fig. 236. Collection bag attached. 
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to the solution in order to determine the amount of alkali neces- 
sary to dissolve all the uric acid, also the disappearance of the 
white particles which settle to the bottom of the beaker indicated 
complete solution. Usually it required one-half to three-fourths 
of an hour heating on the steam bath with frequent stirring to 
effect complete solution. After the white particles had all dis- 
appeared and the solution remained alkaline it was passed 
through a coarse linen filter into a 500 c. c. graduated flask, 
washed thoroughly with hot water, squeezing out the filter two 
or three times to facilitate washing, cooled, made up to the 
mark and thoroughly mixed. This solution was then allowed 
to settle until the fine particles which passed through the cloth 
had settled out leaving a clear solution which could be drawn 
off. It was planned to allow the flasks to settle over night and 
the solutions were found to be clear the next morning. Fifty c. c. 
portions, representing 2 grams of the feces, were taken, made 
acid with HCl, evaporated on steam bath to 25 c. c. and set in 
the refrigerator for 24 hours. Filtration was then carried out 
without difficulty through a 597 S. & S. filter paper on a Buck- 
ner’s porcelain funnel 50 mm. in diameter, ander pressure, 
washed 3 times with cold water, then with absolute alcohol and 
lastly 2 or 3 times with ether to remove any traces of fat re- 
maining. The uric acid was thus collected on a very small 
filter paper which was transferred to a beaker, boiled with 35 
c. c. of distilled water and titrated with either 1-10 normal 
piperidine or sodium hydrate. It was found necessary to com- 
plete the end reaction with the solution as near the boiling point 
as possible or concordant results could not be obtained. In all 
cases 3 portions of 50 c. c. were taken out for the determina- 
tion. The first titration being made somewhat roughly to find 
the approximate end point. In carrying out the titration as 
the end point was being reached the beaker was again put over 
the flame and brought to the boiling point, then titrated to com- 
pletion. ‘To test the accuracy of the method pure uric acid was 
added to feces that contained none. The average of the deter- 
minations gave 98 per cent of the acid recovered. 

The piperidine and soda solutions were standardized with 
uric acid which was purified by twice recrystallizing, and found 
to be practically pure. The writer found that 1-10 normal 
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NaOH could be used in place of the 1-10 normal piperidine 
and give practically the same results. Comparisons of several 
samples of feces were made using the two solutions with the 
following results :— 


Titration with NaOH Titration with Piperidine 
Sample No. 1. 11.5 per cent uric acid 11.6 per cent uric acid 
Sample No. 2. 7.31 per cent uric acid 7.35 per cent uric acid 
Sample No. 3. 10.85 per cent uric acid 10.80 per cent uric acid 
Sample No. 4. 8.97 per cent uric acid 8.91 per cent uric acid 
Sample No. 5. 9.98 per cent uric acid 9.92 per cent uric acid 
Sample No. 6. 10.14 per cent uric acid 10.15 per cent uric acid 
Sample No. 7. 10.15 per cent uric acid 10.18 per cent uric acid 


Foops ExPERIMENTED WITH. 


Such feeds were selected as are most commonly used for 
poultry foods in this country. Probably no other one grain 
is so universally fed east of the Rocky Mountains as corn in 
some form or other and there seems to be no other grain so well 
relished by the birds. In some sections, particularly on the 
Pacific Coast, wheat largely replaces corn. In other sections 
oats and buckwheat or India wheat form an important part of 
the ration. In the mashes, particularly the dry mashes so- 
called, wheat bran forms an important part, often as much as 
50 per cent, consequently this material was included in the test 
and several dry mash mixtures such as are usually fed. 

Beef scraps. Best quality found in the market. 

Bran, wheat. ‘The coarses variety from spring wheat. 

Corn, whole. No. 2 yellow, picked over and cleaned. 

Corn, cracked. From No. 2 yellow, screened. 

Corn meal. From No. 2 yellow corn. 

Clover, cut. From second crop, just beginning to blossom. 

India wheat. Fair quality, picked over and cleaned. 

Oats. Best Western clipped oats, carefully picked over. 

Oats, rolled. One of the best table varieties. 

Wheat, hard. A variety of hard wheat sold as “hen wheat.” 

Wheat, soft. A seed wheat, rather soft, large, plump grain. 

Dry mash mixtures :— 


N Outs 3000 erams bran 
1125 grams corn meal 
1125 grams gluten feed 
600 grams beef scrap. 
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No. 2. 200 grams bran 
IoO grams corn meal 
50 grams linseed meal 
40 grams beef scrap. 
No3. 200 grams bran 
50 grams corn meal 
50 grams linseed meal 
Ioo grams gluten feed. 


Mixture No. 3 was fed alone in one experiment and in an. 
other with about 7 per cent of bone ash to test the effect on 
digestibility of adding bone ash to a ration consisting of wholly 
vegetable matter. 


CONCLUSIONS. 


The results obtained in the experiments here presented indi- 
cate that the digestion coefficient of most nutrients for poul- 
try are not materially different from other farm animals. Un- 
like ruminants, however, they digest very little crude fiber, 
hence a coarse fodder carrying much of this material is of but 
little value to them. The nutrients of wheat do not seem to be 
as well handled as most other concentrated grains, the ether 
extract showing a particularly low coefficient. Likewise bran, 
one of the wheat offals, shows low digestibility in organic mat- 
ter, ether extract and nitrogen free extract. Its bulky and 
coarse condition has brought it much into favor to feed with 
more concentrated materials and it often makes as much as 50 
per cent of the mixtures used for mashes. 

The mixture of equal parts corn meal and fine cut early clover 
used in the experiments was sufficiently bulky to feed with con- 
centrates, was more digestible and at present prices more eco- 
nomical providing, of course, the poultry man produces his own 
clover, which he should do. An exclusive diet of wheat had a 
deranging effect upon the digestive system of the birds. 

Our results, like those of Brown and others, show that corn 
is a most valuable grain for poultry. Its palatibility and high 
digestibility has brought it into much favor with all poultry- 
men. It cannot, of course, be fed alone as it is too concen- 
trated a feed and also deficient in protein, but when combined 
with feeds rich in protein and some bulky material as cut clover, 
it makes up a most desirable ration. 
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Oats and India wheat are desirable grains and may be used 
to some extent to give variety to the ration, but are much more 
expensive feeds than corn unless one is in a section of the coun- 
try where they can be bought or produced much more cheaply 
than at the commercial centers. 

The dry mash mixtures Nos. 1 and 2 have about the same 
digestibility and feeding value. Mixture No. 3 made up wholly 
of vegetable matter was not so well relished by the birds and 
gave slightly lower coefficients of digestibility, but the addition 
of about 7 per cent. of bone ash to the mixture increased the 
average digestion coefficient obtained with it but the differences 
were not greater than often occur between different birds on 
the same ration, so no definite conclusions can be drawn from 
the results. 7 


SUMMARY. 


1. Corn shows a higher digestibility than any other grain 
tested. 

2. Wheat bran shows a low digestibility and at present 
prices is not an economical feed. 

3. A mixture of equal parts early, fine cut clover and corn 
meal is more digestible and a more economical feed than bran. 

4. India wheat compares favorably with oats as a grain for 
fowls. 

5. The ether extract of wheat has a low digestible coeffi- 
cient. 

6. Crude fiber was but very slightly digested and evidently 
is of but little use in a ration for poultry except to give bulki- 
ness. 

7. The mixing of about 7 per cent of bone ash with a 
ration consisting wholly of vegetable matter gave slightly higher 
average digestion coefficients than when the mixture was fed 
without it. 
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Table 1.—Concluded. 
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Experiment with Oats Whole..... 4451) 7.90} 3.76/12.95} -— | - | 9.10) 62.06) 4.28} 4,223 
Heces Cock, AS ssa iuiacse, eee 4452} 4.02/17.52) 6.06} .36| 6.66/19.22) 44.96) 1.20} 3,609 
MCCS OOCK a 84e8 ce sarintaen Sete ater 4453) 4.27/15.78) 6.06) .36| 5.83/19.81 46.79] 1.10} 3,673 
Feces Capon, 36....... HU = eG <r 4454) 4.61|13.08) 7.62} .40) 4.65/19.63) 48.78) 1.23] 3,793 
Peces Cock 38 ie iiwiaes seers aee 4455) 4.45/10.96) 4.56) .45} 6.39/20.45) 51.49} 1.30} 3,906 
MEERURE UN OM emirate pie a isese Gia setae - | 8.78] 7.26)19.19} - | - | 6.72] 52,46} 5.59} 4,110 
HEC ES CAMO Ts ASA Wun eee tclaiece te 4478) 5.71/12.50) 6.00} .75/10.83/13.50) 48.18) 2.53} 3,605 . 
BMECESiCa pon’ Baa Nese a aterm nti 4479|10.75/11.97| 7.06} .68} 8.95/11.37) 46.59) 2.63} 3,481 
Pees Capos csouia. son ee men enous 4480) 9.06]13.25) 7.25) .71) 9.95)12.21| 44.73} 2.84) 3,473 
HECeSh © DOM aL ODmmeccat et aa sre ae bic 4481) 4.68/18.28) 6.69} .67/10.14/13.03} 44.77, 1.74) 3,378 
Heces Capon, 16s sasoccs seamen eee 4482) 4.44/18.74) 5.31] .52/10.00/13.09] 45.93) 1.97) 3,428 
MX GUE INO Cr ya scokierhene sonst pian — | 8.83) 7.57)19.06, - | - | 6.58) 52.47) 5.48) 4,056 
MeECESi Ca pom LGapeasee eee ces sana 4483) 4.19|14.10} 8.31] .83|10.14)12.38) 47.53) 2.52) 3,632 
Feces Capon, Blame. i ssto ss aes 4484) 4.47/13.18) 8.06) .96} 9.60/12.98} 48.91] 1.84} 3,663 
HeeesrCn pon. 1525) ose as veut uae 4485| 6.46/17.73} 8.50) .91| 9.90/11.97| 42.42) 2.14) 3,437 
MIRCUTE NGAS sous woes awe — | 9.59) 6.00/18.41; - | - | 8.29} 583.60) 4.00) 4,029 
Bees, Capone iG. gy acdsee os 4497| 4.37|16.55) 7.44) .68) 7.83)12.73) 48.86] 1.54) 3,340 
Beees Capon, S32. 50cs ites eae 4498) 4.65/15.37) 5.86] .68| 7.90)13.25| 50.61) 1.68) 3,441 
PEGES Capon: Saeki ces oe aes 4499! 4.40|15.92) 6.28) .46| 8.39]13.61| 48.57) 2.37] 3,476 
fixture No. 3, with bone ash..... -| - - ~ -| - - = - aE 
Heces Capon vite) pidmeemenron i 3 4501] 4.64/22.18} 5.06] .42) 8.01/11.78] 45.67) 2.24) 3,146 
Peces*Ca pokes. vay Oamneeterion ae» 4502| 4.40/21.27|-5.62) .57) 7.60/12.02| 47.13] 1.39) 3,131 
Heces Capon, 23¢oc. pain eyreta ies 4503} 5.73}24.12} 6.19] .42) 8.29/11.18) 42.12) 1.95) 3,043 
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TABLE. 2; 


Weight of Food and Feces and Other Data Relating to the 


Experiments. 
cae 3 Bae ies® (aes jospenment 
bia be eejeees au ele | Sa (og | a 
perce fod. ea Station = = i me _E © ms oa ha 5 Z = | iS 
@ |e Ssleses|sees|= |Fkalhe| 52 
grams| grams 

Bran, wheat, (4447)............ ‘Capon| 108|/4448 700 - - 7| 7 
Bran, wheat, (4447)...... ..... Cock .| 152|4449 800 471; - - 6 8 
raw wheat. 4447) <...0ccsss. Capon! 168/4450| 800 i ay eh 
Whole corn, (4427)............. Hen..) 717|/4433 420 89.6|2246 71 7| 7 
Corn, cracked, (4480).......... Henin Bid4eae 400) 2) ek Oba!) 1 7 
Corn, cracked, (4480)........-. [Hen..| 7/4439 420 90.0; - - 7 | 7 
OOrmaneal) 7 (4457), fe seaa oes sie ICapon 168/4461 600 123.5) - ~ 7 6 
Corn meal, (4457)..........---- Cock .| 84/4462) 480 94.0) -| - 7| 6 
Meal, (4457) and...........056- Capon! 108|4458 480| 253.8] - z 7 6 
Clover, (4456,) equal. parts.. _.|Cock .| 38)4459 600 313.0) - - 7 6 
Capon) 168/4460 600; 295.0) - . 7 6 

Rie 4087). 00d «i... acces ‘Capon, 108/464 550 eta ar Nae | 
Beef scraps, (4463,) equal parts|Cock .| 38/4465 600 164} —- - a 6 
India wheat, (4432)............ \Hen.. 10 4441 252 105) - - 7 6 
Hen..| 12/4442 350| 151.5] - ‘ 7 7 
Hen..| 13/4443] 352.8 142) - aly 7| 7 
Corn meal, (4466,) 7 parts.....|Capon| 82/4468} 475] —-95.4)3256 ey elt. 6 
and beef scrap, (4467) 1 part..|Capon) 835|4469 480 132.6|3064 43 6 6 
Capon! 908|4470 535 47.6|2330; gained| -—- 7 
Capon) 161 4471 450 75.4|2605 30 A 6 
Capon| 162'4472|  450/ —-70.0/4050 gained) 7] 
Oats, whole, (4451) ............ Cock .| 48|4452 300 14.0] - B 6 3 
Oats, whole, (4451) ............ Cock .| 84/4453 480 219) - ~ 6 6 
Oates witole, (4451); ......5..5% Capon| 36/4454 480 225.5) - - 7 6 
Oats, whole, (4451) ............ Cock .| 38/4455 480| 221.0] - a 7 6 
Oats, rolled, (4486)............ Capon] 882 4487 250 49.8/3355 35 6 5 
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IQIO. 
Table 2.—Concluded. 
ae oie af eS 9 .| 48 |Duration of 
i Be ee | St Mo ieee experiment 
Sans SS o HHO wat 2) 
eo fis |. sa3| good] S| Bo Pr CTS; 
i : 2 Sle MSO SS hae Sle ines LS q 
Material fed and Station ie 2 re3 oS SO. Sel ea al S) 
number. te) : q PO icon ease ap & ~ oe x sey bee tede 
2 |2 |Egeee"|S.8"/5|5 2/B8| Be 
|S /eS(erPes| OSks| S| Owe | ob] SE 
4 |S |e2scesieees\=l|esei/hs| 52 
Oats, rolled, (4486)............. Capon| 1/4490 255 93.8/4340 130 6 5 
AIG TUR GULOEN OND soa: sale eee Capon| 2/4491| 138 53.6) - - 6 5 
Capon 4492 297 99.6/3190 50 6 5 
Witeat, 442 Qn. eich selnsicemeein Hen.. 4434 420 119.0/2300 90 ith 7 
MIECEUTOEN © alice icine oer Capon 4478 375 229.2}3950 10 7 6 
Bran (4473) 3000 grams......... Capon 4479 425 272.6/3210 ahr: 7 5 
5 
Corn meal (4474) 1125 grams...|Capon 4480) 450 291.0)3135 — (6 5 
0) 
Gluten meal (4476) 1125 grams.|Capon 4481 375 204.0)4450 65 7 5 
Beef scrap (4475) 600 grams....|Capon| 163/4482 375 214.0/3324 35 7 5 
EX PURO wIN OME ake on einen 
Bran (4473) 200 grams.......... Capon 4483 375 218.4/3190 75 7 5 
Corn meal (4474) 100 grams... ./Capon 4484 375 211.2/4465 65 i 5 
Linseed meal (4477) 50. grams.|Capon 4485 375 200.0|4385 55 7 5 
Beef scrap (4475) 40 grams..... 
Nixture NOMS sealant ates 
Bran (4493) 200. grams......... Capon! 163/4497 200 148]3365 140 4 5 
Corn meal (4494) 50 grams..... Capon 4498 400 254/3130 20 7 5 
Linseed meal (4496) 50 grams..|Capon 4499 400 260.8) 2900 25 7 5 
Gluten feed (4495) 100 grams.. 
Mixture NOW We. csi ieee tes Capon 4501 350 239) 2445 55 7 5 
WIG ADOUE KG Ad cls sha kee ee as Capon 4502 ~ 850 244.2|3875 45 U 5 
Bone ws added... /anseesae Capon 4503 290 207.8/2890 75 a 5 
W Deat, INO. 14409). etek otscalels Hen..| 3/4435 360 68.5) - ~ ic 6 
Hen..| 4/4436 300 86.0) — - 7 6 
Hen).. 5/4437 360 101.7;  - - 7 6 
Wihveat; (4444) cores ae sce ee Cock - 4445) 600 122.5) - - 7 6 
Cock . 4446 600 120.0) - - qi 6 
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TABLE 3. 


Coefficients Obtained With Each Bird. 


=e 

oD onl 

mo 

Es | 83 

ma = A=! 

=| 

3 Zz 
Wheat bran (4447) ............... Capon 108) 4448 
Cock 152} 4449 
Capon 168} 4450, 
/ 
} 
Wiholercorn (4427) ccjes. ee <2 o's Hen 717} 4433. 
Cracked corn (4430) .............. Hen 6| 4438) 
Hen 7, 4439 
Corr Mea! (4457) oii we velo e ccc Capon 168; 4461 
Cock 84, 4462 
Clover (4456) and corn meal....| Capon 108) 4458 
(4457) in equal parts............. Cock 38, 4459 
Capon 168, 4460 
Meal (4457) and beef scrap...... Capon 108, 4464 
(4463) equal parts............. ae: Cock 38) 4465 
India wheat (4432)............00. Hen 10} 4441 
Hen 12} 4442 
Hen 13) 4443 
7 parts corn meal (4466) and....| Capon 832) 4468 
Beef scrap (4467) 1 part.......... Capon 835| 4469 
Capon 9¢8| 4470 
Capon 161} 4471 
Capon 162| 4472 
Oats, whole. (4451) ..0 0. <0. . cee cine Cock 48) 4452 
Cock 84} 4453 
Capon 36, 4454 
Cock 38| 4455 
Oats, rolled (4486) ................ Capon 832| 4487 


Organic 
Matter. 


~ 
~] 
— 


nm oO fF & 


1.5 


1.9 


Nitrogen 
Free 
_Extract. 


Calories 


ro 
oP) 
co 


Cc 
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IQIO. 
Table 3—Concluded. 

od a eye : q : 3 ne 
o — q Die ces 2) od 
25 | $2 | 88 | Ss | 2s |B8s| Se) 28 
S & |83| 23 |52 | 58 Seeley | ae 
? E Ae | oe) Ck | Oe ie te 
Oats, rolled (4486) when fed......| Capon 1) 4490) 79.3) 77.9} —- 86.8} 101.6) 81.8 
Withienitalipantisnun sense Capon 2 rae 95.4; 70.9).-— | 102.8) 91.8! 71.6 
Miasctaee INO. Oe Ah wi oe nant alte Nh Capon 434} 4492) 98.6) 90.5) -— | 102.71 89.0! 74.4 
Wheat hard (4427)............6.- Hen 1| 4434| 81.82) 71 3} - | 80.8] 56.91 980.2 
Wheat soft (4429)...............-- Hen 3) -4435) 85.36) 71.66] 17.14] 90.3] 60.2) 92.2 
Hen 4! 4436| 82.22} 57.021 - | 89.6] 68.6) 79.2 
Hen 5) 4437) 80.55) 69.82| - | 87.0) 50.6) 76.1 
Wheat.soft (4444)... Ne Cock 38) 4445) 80.22) 77.33] - | 88.1] 45.1] 90.3 
Cock 87) 4446, 80.7) 78.7) + 87.7; 47.7) 81.0 
Mixttite Nowlat teresa, eon es Capon 434, 4478} 48.8! 80.9} - | 43.8] 73.8] 50.8 
Capon 832| 4479| 48.3| 76.4, - | 65.3] 69.9! 49.6 
Capon 835| .4480| 48.4 75.6] - | 44.91 67.41 55.2 
Capon 162) 4481| 57.2) 81.0) - | 53.6] 83.0) 59.0 
Capon 163! 4482} 54.9] 84.0) - | 50.0] 79.9] 56.2 
Mix TUTeINOU2 ae ue ae eco ane eee Capon 163) 4483) 50.7}. 75.0). - 47.3] 73.2) 51.8 
Capon 4484; 51.7| 76.2) - 47,5). 81:1) 52.8 

Blank $ 
Capon 162] 4485) 51.8) 74.6 45.2| 81.1) 58.4 
Mixture NO Sa0 i: Seen eee: Capon 163} 4497) 35.4) 70.1) - B26. TL S02 
Capon 832} 4498) 46.2} 79.8) - | 39.9] 73.31 50.5 
Capon 885| 4499] 45.2} 77.7; - | 40.9] 61.3] 47.8 
MPCUTORNG Se 2h) ou ay Men Capon : 4501; 47.6] 81.5) - | 41.9) 66.6] 50.4 

Blan 

Wilt DOME VATE. cs ouue seca ange Capon) Li, 4502)4523) 78 aa 38.7) 75.7) 49.4 
Capon 434] 4508] 47.8] 75.8) - | 48.7| 64.1] 50.0 
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In Table 4 below is given the average of all the digestion 
coefficients obtained on the different grains and mixtures experi- 
mented with. Comparing these figures with results obtained 
with other animals, it is interesting to note that they agree quite 
closely with those obtained with swine, as was noted by Leh- 
mann. Also that coefficients of digestibility found for corn and 
wheat agree quite well with those obtained by Lehmann and 
Paraschutschuk who made use of an artificial anus to separate 
the urine from the solid feces. 


TABLE 4. 


Average of the Digestion Coefiicients Obtained for the Foods. 


8 
£8 |82| 2 | 23 Bez] 23 | = 
Az 8 Om | a i aut 
o 

WARES CATT A CORTSO)\s aie, s.c slctpse G.n1e wae’ oscel es 3| 46,7) 71.7} 13.5] 46.0) 37.0) 46.6 
ENTERIC cnn <b cdo du salsuaienls Ms 42 ans 1} 86.6) 68.3} - 91.6} 87.0} 84.9 
COMM EO Chee acre calc: cis elevator aiie:e opera sya sheet s 283.3) 712.2)" = 88.1) 87.1) 81.8 
Re OULU MICA eters Meriials ie/iaielen w:steidiaic ee leiiadad absie « 2 83.1 74.6} - 86.0} 87.6] 82.7 
Corn meal and clover equal parts........ 3} 56.4/ 71.5] 10.4] 61.6] 66.9] 56.1 
CLOWST AGRIC ATOG stele aces eelae side nis weet Sealed) kOcOhey LOLI E43 Barby. 
Corn meal and beef scrap equal parts.... 2).782.1) 90.0}; = 75.8} 95.0) 81.5 
Pe CORBCTAD CA LCULAGOC. tense bla aaye svclerstn ee 2} 80.2) 92.6) - - 95.6) - 
Corn meal (7 parts) beef scrap (1 part).. 4| 87 0 81.5, - 90.5; 91.5) - 
Lhe KEYS Ane ES) OU seer ORS OCaISe cere | Se dake TO -Ole2OcGle SB 4), “88. 8i" 64.0 
MRAM SE ROLES 0 Uc din bdo wie Boe et 56am Re 4| 60.6; 78.2) - 64.1) 85.6} 60.6 
CATS OLGA teeter staisls erence «5 Mik sip ere eet ia ee 0% | 4; 89.3) 80.1 = 94.3} 92.2) 82.7 
PEHOAUISATE Se coh arora beter yin 1} 81.8] 71.8) - | 80.8! 56.9| 80.1 
NVA ULSOLL tcnivinctn aerecizce cerns Acree: terete: « 5) 81.8)" 74.4 oe 88.5) 54.4) 79.7 
Bp SERENE EVs ccs ta certiaid a wiera ae Sem» s SHOALS 5} 51.3) 78.6) —- 51.4) 74.8) 54.1 
DRIED Oe Coials o's t'xis nas acct (a no ale n Balaoa ek 3} 51.4; 78.6) - 46.7) 78.5) 54.3 
I iLL T OMPN CO emer tna cet satis ola\lai och aie"orta nates 3} 42.3] 75.8 - 37.8] 68.7) 42.6 
Mixture No. 3 and bone ash.............. 3} 46.9) 79.0) - 45.3) 68.8) 49.9 
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In Table 5 below are given the average coefficients obtained 
in all published digestion experiments with poultry known to the 
writer. The extremely low results given by Fields & Ford for 
protein in corn and peas are omitted from the averages. Aside 
from the results obtained at this Station figures were taken from 
the following authors and sources: Fields & Ford, Bulletin 
46, Agricultural Experiment Station, Oklahoma. Brown. 
Bulletin 56, Bureau of Animal Industry, U. $. Department of 
Agriculture. Paraschutschuk. Journ. f. Landwirtsch. Berlin 
so J. Heft. 1, 9.. Mai p. 15-32. 1902, Kieren agaen 
Landwirtsch. Jahrb. Berlin, Bd. 29, Heft 3, 22. 9) iis 
1900. Voltz, Lehmann, Kalugin. Landwirtschaftlighe Jahr- 
bucher., Bd. 38, p. '553,) 1900; 


TABLE 5) 


Average of Digestion Coeficients Obtained with Poultry 


to Date. 
Se oe ee 

Brava, wi Le ait eee a cut te aie niente erator losere ote 3 46.70 71.70 46.00 37.00 
BEE SCTADS skies ccioerin eins eile ras 2 80.20 92.60 = 95.00 
Beef, (lean Meat).....e+sse...seeeee ee 2 87.65} 90.20 “ 86.30 
Dey 1g (2) ere fear tea cei Stare veg ey ay Sera 3 ihe iti 77.82 85.09 67.86 
Bulk Wee ate ak ces iasieeneys a venerstee ei aaveneeens 2 69.38 59.40 86.99 89.22 
GOTT SWINOLE Saisie oie siae a cipteenyetr eeu teers 16 86.87 81.58 91.32 88.11 
MOTI META CKO 4 eiaieuieciimisvetesoehemeieetets ye Mietots 2 83.30 72.20 88.10 87.60 
Clerdamasikerl Maen A deo an tee oS oobsie D 83.10 74.60 86.00 87.60 
COW. ON iis eecbesconan ta cic tolove react eloye a oh ciency eaten 5 27.70 70.60 14.30 35.50 
Tindal wiltGaterek wari eisarcietaa anata lsrensrcts 3 72.70 75.00 83.40 83.80 
54 GUAT) eerie ee Giant, UME hl ect rane Gio 2 - 62.40 98.39 85.71 
OP HIS one Ae einige ceca hora sarocrahceaan crneuts 13 62.69 71.31 90.10 87.89 
heh: Ka Ree I aml pare EEC Nal uene OzNinaueheNo Ui a 77.07 87.00 84.80 80.01 
Wie arb Why: eee rice ce teneterer at eteene aviators 10 82.26 75.05 87.04 53.00 
RY Ci wane cicdpapinals salely pile mieneninen aarareg 2 79.20 66.90 86.70 22.60 
POEATOCS hafe wihce a ee orate a ie arse tnuore ee cota cnet 6 78.33 46.94 84.46 - 
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